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Discussion
I. Introduction
At RAN #42, Work Item Descriptions for LTE positioning services and support for IMS emergency calls over LTE were presented in references [1] and [2]. The objectives for the LTE positioning service in [1] were agreed to support the following positioning capabilities and features:
· A positioning protocol or protocols compatible with and enabling support for both the control plane LCS solution for EPS and OMA SUPL;
· UE-assisted and UE-based A-GNSS;
· A downlink terrestrial positioning method, analogous to E-OTD, OTDOA and AFLT, capable of operating in UE-assisted and UE-based modes; and
· Enhanced Cell ID (ECID) measurements coming from the UE and/or eNode B.
In UTRA, the OTDOA positioning method had been specified for location functions in [3]; however, while well-defined in the standards, the OTDOA method itself has not been commercially deployed in UMTS. Similarly, the analogous E-OTD location method has not been widely deployed in commercial service for GSM networks and was found not to meet the requirements of emergency call applications. The lack of commercial success with both OTDOA in UMTS and E-OTD in GSM, for location-based services or emergency call applications, may be due to some of the associated performance limitations and implementation complexities. While carrying the OTDOA location technology forward from UTRA into E-UTRA, it is essential to recognize and address the performance limitations and complexities associated with implementation. 
Besides OTDOA, it is critical to ensure the full development of alternate network-based location technologies, such as those proposed in [4] and [5]. These include, for example, Enhanced Cell ID, including with the use of Round Trip Time and signal-to-interference ratios, and Uplink Time Difference of Arrival (U-TDOA). In many cases the same measurements and mechanisms defined for OTDOA may complement these other technologies and may be useful in both; in other words, these network-based location approaches are not mutually exclusive. Specifying robust and viable network-based location alternatives ensures that wireless services providers have appropriate solutions to meet their varying needs in EPS. 
II. Performance Limitations Associated with OTDOA
As the submission record conclusively demonstrates, OTDOA has several factors which impact its performance. The primary challenges are hearability, particularly as networks approach unity frequency reuse, and obstructions to line-of-sight paths. As noted in [6], “Since LTE is primarily a communication system, time measurements using existing LTE signals need to be done at very low SINR to neighbouring base stations, which puts stringent requirements on the UE receiver and also typically results in low positioning accuracy.”

In [7], the hearability problem is well summarized as follows: “Consider interference from other eNBs that can degrade measurements accuracy for E-OTD/OTDOA/AFLT at the UE (especially when the UE is measuring a remote eNB under strong interference of serving eNB). Therefore, mechanisms to address reference signal hearability might be needed.”

In [8] the following is observed: “It becomes clear that DL OTDOA without the improved hearability… will not provide the desired accuracy in the location estimation to meet some target requirement, such as US FCC mandate for Emergency call.” This same document further concludes that “Our system analysis and simulation results show that it remains a challenging task to provide the demanded level of accuracy in position estimation through DL OTDOA, when additional factors, such as UE measurement errors from practical timing offset algorithm, are taking into consideration.”
In [9] the prospects of OTDOA performance without hearability improvements are summarized as follows: “Positioning performance improves with increase in number of reliable TOA measurements. In dense urban environments, typically, mobiles are able to hear only one or two base stations because of full re-use. This makes it difficult to meet positioning requirements for emergency calls as well as several location based services.”

Further, simulations in [9] show location success rates (yields) of only 53%, 63% and 67% for basic OTDOA in bad urban, urban A and urban B channel models, respectively. These high location failure rates are clearly unacceptable for emergency call or even many location based services. When IPDL is added, the OTDOA location success rates only improve to 87%, 90%, and 91% for the same channels. While improved, these high location failure rates are still insufficient to meet the needs for services such as emergency call. Enhancements like E-IPDL may additionally improve the hearability situation but these involve significant changes to signal structures along with inevitable overhead inefficiencies. 
A considerable body of material is on the record at the U.S. Federal Communications Commission (FCC) for emergency call E911 location systems in regard to the performance of CDMA2000 networks operating with AFLT and A-GPS. Since AFLT has direct analogies to OTDOA and E-OTD, particularly for synchronous network operations, these references provide relevant data points. In particular, because CDMA2000 has been deployed with synchronous base stations, the performance of AFLT in CDMA2000 could be viewed as an optimistic bound on expected performance of OTDOA in EPS deployed with asynchronous networks. 

In [10] Qualcomm unequivocally states that “[T]oday and for the foreseeable future, current technology [AGPS and AFLT] will not enable the carriers who use AGPS technology to meet the Phase II E911 accuracy rules on a PSAP-by-PSAP [geographical area] basis.” 
In [11] Sprint Nextel, an operator with AFLT operational experience, observes the following: “In order to mitigate some of these limitations of A-GPS, Sprint Nextel’s CDMA network also relies on AFLT, but it too has certain inherent limitations. AFLT utilizes network transmissions observed at the handset for time difference of arrival (‘TDOA’) calculations.” “Similar to GPS, AFLT also is affected by multipathing when RF signals are bounced around causing signal delay that in-turn skews the location algorithms. This multipathing problem is most prevalent in densely populated urban areas with tall buildings.” Sprint Nextel also comments on hearability issues in CDMA: “Without the ability to ‘see’ multiple base stations, therefore, the network has difficulty performing accurate location calculations.” Finally, the comments conclude “Sprint Nextel already employs a hybrid system on its CDMA network (i.e., A-GPS with AFLT). Based upon testing of this system, Sprint Nextel can state that even hybrid solutions do not meet the location accuracy mandates within each and every PSAP in the country. To the extent that network trilateration methodologies [AFLT] cannot meet the Commission’s handset-based standards at a PSAP level today, they will not meet them even when used in conjunction with A-GPS.”
Another operator with AFLT operational experience, Verizon Wireless, observes in [12] that “Because of the inherent limitations of GPS satellite visibility, however, Verizon Wireless has deployed technology known as Advanced Forward Link Trilateration (‘AFLT’), which uses Time Difference of Arrival (‘TDOA’) ranging measurements, based on the triangulation of signals among the handset and multiple cell sites, that assist GPS or independently serve as default location solutions. Verizon Wireless’s system [AGPS and AFLT] is thus referred to as Assisted GPS (‘AGPS’) technology. However, the AFLT portion of the solution cannot achieve the GPS-derived accuracy levels because of the less precise readings typically obtained from triangulation…” “As with GPS signals, multipath signals that reflect off buildings or other obstructions bias ground-based ranging measurements, by introducing time delays as the signals bounce around, negatively impacting accuracy measurements. Multipath environments are most prevalent in large urban areas, but they are also a significant issue in dense forest and indoor environments.” Verizon Wireless also notes the hearability issues with AFLT: “An AFLT fix is dependent on the ability to obtain unobstructed ranging measurements from at least three cell sites.”
Based on these statements excerpted from the record, one can infer that AFLT, and hence OTDOA and E-OTD, network-based solutions in combination with A-GPS may not meet the needs of emergency call and some other services in EPS due to the noted performance limitations. Other network-based approaches may be required. 
III. Implementation Complexities Associated with OTDOA
The submission record on OTDOA in E-UTRAN, along with the record for OTDOA in UTRAN and E-OTD in GERAN, demonstrates that there are implementation complexities associated with OTDOA. 
As noted in [9], in UTRAN the OTDOA approach must either be deployed in synchronous networks or Location Measurement Units (LMUs) must be deployed to measure the relative time differences between the neighboring cells. The LMUs represent additional network elements that must be deployed at the NodeBs and require time synchronization. The deployment of additional network elements, particularly those requiring external synchronization, adds significant complexity to networks, particularly as base stations become smaller (e.g. the current trend towards compact femtocells). 

In addition, the LMUs must measure the signals from neighboring NodeBs, so they suffer similar hearability problems as do UEs. Any measurement errors in the LMU’s measurements of relative time differences of NodeB signals translate into position errors in the position calculation. These errors are not included in many of the simulations on the record, such as those in [9].
Because hearability is such a significant problem for basic OTDOA in EPS, additional mechanisms must be used to improve the ability of the UE to measure eNodeB signals. Adding IPDL does not sufficiently solve the hearability problem enough to eliminate location failures, as was demonstrated in the simulations in [9]. Further enhancements to IPDL, such as E-IPDL [9], have been proposed. While such proposed enhancements may improve the location performance, they require creation of new signal structures, such as E-IPDL subframes and E-IPDL Reference Signals, along with the overheads incurred due to blanking of transmissions and allocation of positioning related data [13] [6]. These overheads result in data capacity losses [6]. 
Any OTDOA implementation requires UE support for the processing necessary to measure the relative time differences of the signals. Due to the severe constraints on complexity in mass-market consumer UE devices, this added complexity must be considered. As pointed out in [8], there are inevitable UE implementation losses in the timing offset estimation algorithm and UE processing errors that must be taken into account when simulating performance. 

Finally, the hearability problems associated with OTDOA in LTE are of such severity that several commenters, such as [6] and [9], propose network planning as a possible approach to improve the interference situation. Modern wireless networks involve many complex planning optimizations to maximize voice and data performance in the domains of coverage, quality and capacity. Adding yet another domain requiring network planning to incorporate location system constraints adds complexity to the network design process and results in inevitable tradeoffs in performance. Hence [14] observes that “It would be desirable if the standard were to enable methods for positioning support which meet the desired accuracy (e.g. E-911 or WCDMA baseline) without the need for network planning.”
These implementation impacts on the complexity of network elements, UEs and network planning could be partially responsible for the lack of commercial success with OTDOA in UMTS. 

IV. Rationale for Fully Developing Alternate Network-Based Location Methods
The noted performance limitations and implementation complexities with OTDOA warrant the specification of alternate, complementary, network-based location technology paths. In addition, as pointed out within [4], the LCS Control Plane WID also focuses on secure location solutions that are transparent to the user for various applications, such as surveillance. Network-based location solutions are transparent to the user, while mobile-based solutions such as OTDOA may be detectable.

As one example, some other network-based approaches like pattern matching using ECID measurements (including RTT and SINRs information) are not subject to the same multipath shadowing degradations of OTDOA. In [15] it is observed that “Power signatures [pattern matching ECID] contain information about the shadowing of the signals by the buildings surrounding the mobile. To the extent that this shadowing is unique to each mobile location, the shadowing information can serve to locate the mobile.” Pattern matching is a field-proven positioning method deployed in the U.S. and other countries at this time. 
As another example, approaches like U-TDOA do not require IPDL or E-IPDL to improve hearability and hence do not incur the associated complexities and overheads. U-TDOA is a field-proven positioning method widely deployed in the U.S. at this time.
V. Conclusion
This discussion document reviews the potential performance limitations and implementation complexities associated with OTDOA. The primary performance limitations derive from hearability challenges as networks approach unity frequency reuse and from obstructions to direct path signals in multipath environments. The main implementation complexities with OTDOA involve network synchronization or pseudo-synchronization requirements, overhead inefficiencies, special network planning needs and UE support requirements. 
Together, these demonstrate the need for developing alternate network-based location methods, such as ECID with RTT and signal-to-interference ratios and U-TDOA, to ensure the original goals of the WID [1] are met. As proclaimed in [1], “the overall performance of positioning for LTE access needs to be as good as or better than that currently possible for other access types – due to the increasing level of regulatory requirement in some regions and increasing demands imposed by new LCS applications.”
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